In the context of the ESA Climate Change Initiative project, we are engaged in a regional 54 reprocessing of high-resolution (20 Hz) altimetry data of the classical missions in a number of 55 world's coastal zones. It is done using the ALES (Adaptive Leading Edge Subwaveform) 56 3 76
are shown by the red dots. The G0 reference marker (G0) is indicated by a grey square and the Jason ground track by a purple line.
Analysis of the coastal sea level trends off Senetosa

Coastal sea level trends derived from altimetry data
Following the data processing described above, we focus on monthly SLA time series sampled at 20 Hz (~350 m in the along-track direction), from 15 km offshore to the coastline. Examples of along-track SLA time series at coastal points, located at 1 km, 1.6 km, 2.2 km, 5 km and 15 km from the coast respectively, are shown in Fig.3 . red points on the time series correspond to outliers detected using a simple 2-sigma filter 186 (sigma corresponding to the SLA standard deviation). These are not considered to compute 187 the regression line. 188 https://doi.org/10.5194/os-2020-3 Preprint. Discussion started: 3 February 2020 c Author(s) 2020. CC BY 4.0 License. 189 190 191 192 For each 20 Hz point, we have then computed the regression line of the resulting SLA time 193 series and the associated standard deviation (1-sigma) to estimate sea level trends over the 194 study time span. Fig.4 shows the corresponding along track sea level trends as a function of 195 distance to the coast (from 15 km offshore). oscillations around this value are observed between adjacent points but these are likely due to 225 noise and we note they are of the same order of magnitude or only slightly larger than the 226 standard deviation of trend estimates at each point (of ~1.5 mm/yr). In coastal areas, important limitations to recover precise sea surface height from altimetry 233 data come from inaccuracies in some of the applied geophysical corrections (e.g. sea state 234 bias, wet tropospheric correction, dynamical atmospheric correction and ocean tides) and 235 from the distorted shape of the radar waveforms as the satellite approaches land (see for 236 example Vignudelli et al., 2011 for a complete review on the issues of coastal altimetry). The 237 corresponding altimetry measurements are often discarded by the processing chains or flagged 238 in the data sets but remaining errors can impact the sea level trend estimates located near the 239 coastline. The latter can also be impacted by the lower percentage of valid data in the coastal 240 zone, as well as by the uncertainty in the bias estimate between the two successive missions 241 Jason-1 and Jason-2. In order to check whether the sea level trend increase close to the coast 242 reported in section 4.1 is associated to one of these factors, we examine each of them 246 We first computed and plotted the geophysical correction trends as a function of distance to 247 the coast for the sea state bias (ssb), wet atmospheric correction, atmospheric loading (called 248 DAC-dynamic atmospheric correction-) and ocean and loading tide correction (Fig.5 Trends in the geophysical corrections are rather small and their amplitude in the range +/-1 262 mm/yr, except for the ssb that shows a larger trend within 4 km to coast, but always less than 263 2 mm/yr. It is worth mentioning that the ssb is a function of significant wave height (SWH) 264 and backscatter coefficient (both related to wind speed). In the ALES retracking the ssb is 265 recomputed for each 20-Hz point. So a trend in ssb may be due to either a different behavior 266 of the SWH and wind speed at the coast, or to changes in backscatter properties.
Coastal errors in the geophysical corrections
267
The sum of these geophysical correction trends is plotted in Fig.4 (blue line). Even if the 268 geophysical corrections, and especially the ssb, are more uncertain close to the coast, Fig. 4 269 suggests that the continuous increase in the sea level trends observed in the last ~4 km to the 270 coast may not be due to trends in the geophysical corrections. It remains that the empirical 271 formulation used for the ssb correction may not be valid close to the coast where waves could 272 has a different behavior compared to the open sea. This will be discussed in section 6.1. 
4.2.3Effect of intermission bias estimation 325
As discussed in detail in Marti et al. (2019) , in the X-TRACK/ALES sea level product, the 326 bias applied to combine the Jason-1 and Jason-2 data in a single sea level time series was 327 estimated at a regional scale. In the case of our study region, it was estimated over the whole 328 Mediterranean Sea. In order to investigate a possible impact of this approach on the sea level 329 trend estimates, we tested other bias calculation methods. We first recomputed the 330 intermission bias along the Jason track 85 (using only measurements of this particular track).
331
In another test, the bias was computed from data included in a 1x1 degree box around the 332 Senetosa site. The sea level trends derived from the corresponding Jason-1 and Jason-2 time 333 series are shown in Fig. 8a for these two cases, superimposed to the regional bias case shown 334 in section 4.1. Here again, we can see that there is almost no difference between the results of 335 the three approaches, indicating that inadequate intermission bias estimate does not explain 336 the coastal trend increase. To complete these tests, we also recomputed SLA trends as a 337 function of distance to coast using as reference a local geoid computed for altimetry mission 338 calibration purposes (P. Bonnefond, personal communication). Fig.8b shows the geoid profile 339 together with the along-track mean sea surface computed with the altimetry data, as a function 340 of latitude. Both references compare well Thus, as expected, exactly the same trend increase 341 behavior as a function of distance to coast is observed when the reference geoid is used 342 (figure not shown as it is similar to Fig.4 ). We conclude that the reference has no impact 343 on the computed trends. 
4.2.4Coastal altimetry waveforms and range values near Senetosa 366
In another series of tests, we examined the shape of the radar waveforms at 20 Hz points as a 367 function of distance to coast, considering a few Jason cycles taken at random. An example is 368 shown in Fig. 9 for a point located between the coast and 2 km offshore. Fig.9 shows that at 369 the Senetosa site, the leading edge of the coastal radar echo is generally well defined, 370 suggesting that a robust determination of the range is possible very close to the coast. waveform still corresponds to a reflection of the radar signal on water. This suggests that it is 409 theoretically possible to retrieve valid sea level information up to 0.5 km to the coast. One 410 may argue that because the land at Senetosa has some elevation, the real radar echo is partly 411 contaminated by land reflection at distances larger than the theoretical footprint, even if there 412 is no wave. However, considering that the real waveform has a leading edge, and t h a t 413 the retracker is able to follow it, we conclude that the trends reported on successive 20-Hz 414 points are not spurious. Besides, if the retracker was corrupted by inhomogeneous backscatter 415 properties within the satellite footprint, these should be random (e.g., Passaro et al. 2014) . 416 Finally, 20-Hz waveforms being independent samples, if the retracker is wrong and produces 417 spurious trends, the latter also would be random. Thus, we should not see a continuous trend 418 increase over several consecutive points. based trends over the 14-year time span are shown in Fig. 11 , on which are superimposed the 426 ALES-based trends, for comparison. We note that MLE4 gives noisier results than ALES, 427 especially at distances less than ~5 km to the coast, but the increase in trends in the last ~4-5 428 km to the coast is still well visible. This clearly means that the trend increase is not an artifact 429 due to the use of the ALES retracker. shown in Fig. 12a and 12b , with and without the seasonal cycles. From these time series, we computed linear trends over the same period as for the altimetry 476 data. These are gathered in Table 1 for the two cases (with and without the seasonal cycle). In The M4 time series displays several gaps over the study period. In addition, the record is shown in Fig. 13 . We note an abrupt increase of more than 500 m in the last 5 km to coast, 543 corresponding to a slope of 0. However, we further investigated the effect of waves on the ssb correction, hence on SLAs.
579
For that purpose, we computed the correlation between wave height time series and difference 580 in sea level between each 20 Hz altimetry point and a reference altimetry point located in the 581 https://doi.org/10.5194/os-2020-3 Preprint. open ocean (chosen here at 15 km from the coast). We consider sea level differences in order 583 to remove the common signal affecting sea level close to the coast and offshore, i.e., the 584 global mean component and its superimposed regional variability. Data from the ERA5 grid 585 mesh closest to Senetosa were used. The correlation values are shown in Fig. 15 as a function 586 of distance to the coast. From a distance of ~3 km from the coast towards the deep sea, the 587 correlation is insignificant while it clearly increases from ~3 km to the coast. This suggests 588 that there is a link between the variations in waves and SLA variations in the 0-3 km domain 589 close to land.
590
We performed the same analysis but now using the M5 tide gauge record as reference (the M3 591 tide gauge record having too many data gaps). This is also shown in Fig. 15 . Surprisingly, we 592 find exactly the same behavior of the correlation coefficient, i.e., no correlation offshore 593 (points located at distance > 3 km from coast) and an increase in correlation in the last 3 km 594 to the coast. This now suggests that waves affect SLA only in the domain 0-3 km but that at 595 the tide gauge site, waves have no influence. Obviously, this could be via the ssb correction 596 applied to SLA data. To illustrate this somewhat differently, Fig. 16a shows wave height time series superimposed 607 to altimetry-based difference in SLA time series (reference point at 15 km, as in Fig. 15 ) for a 608 few points located in the 0-3 km domain close to the coast and an additional point located 609 farther from the coast. Here again, data from the ERA5 grid mesh closest to Senetosa have 610 been considered for the calculation. The correlation between SWH and difference SLA time 611 series is indicated on each plot. We clearly see that it is significant only for points close to the 612 coast. Distant offshore points do not show such a correlation. Although the correlation is 613 dominated by the seasonal signal, Fig. 16a shows the two time series are also correlated at ALES ssb instead of SLA differences. On Fig. 16b, MLE4 ssb are also shown for the Jason-2 667 time span (yellow curve). R is the correlation coefficient.
668
As expected ssb is correlated with wave height but the correlation decreases in the last few 669 km to the coast, suggesting that the relationship used to express the link between ssb and 670 SWH is less adapted in the coastal domain than in the open sea, possibly because of change of 671 wave properties. This is also illustrated in Fig. 17 few published studies on the circulation in the Senetosa region (e.g., Bruschi et al., 1981 , 694 Manzena et al., 1985 , Cucco et al., 2012 , Gerigny et al., 2015 , Sciascia et al., 2019 . These Sea and that the water motion is mainly wind-driven. The study by Gerigny et al. (2015) 699 based on in situ measurements collected during a cruise in 2012 and use of a high-resolution 700 regional hydrodynamic model (MARS3D) shows that the circulation is mostly wind-driven.
701
The region is affected by westerly winds half of the year and strong easterly winds in winter.
702
The water circulation is highly dependent on this wind regime with often violent winds 703 generating strong local currents and mesoscale structures in the western part of the channel.
704
We have downloaded the currents data generated by the MARS3D We interpolated these current data (for January 2014) along the Jason track. This is shown in 724 Fig.19 as a function of distance to the coast. The current intensity is close to zero at distances > 725 5km from the coast. In the last 5 km to the coast, there is a steep intensity increase, exactly over 726 the same distance range as the SLA trend increase. Since the model resolution is ~400m, i.e., 727 about the same resolution as the 20 Hz along-track SLAs, we find this result highly promising. In this study, we have investigated the differences between coastal and deep ocean sea level 764 changes at the Senetosa site, using new ALES-based retracked sea level data from the Jason-1 765 and Jason-2 missions. We indeed observe a slow increase in sea level trend at short (< ~4-5 766 km) distance from the coast compared to offshore. A series of test shows that this behavior 767 does not result from artifacts due to spurious trends in the geophysical corrections applied to 768 the altimetry data, decreasing percentage of valid data, or errors in the intermission bias nor 769 errors in range estimates due to distorted radar waveforms.
770
Among the physical mechanisms able to explain the coastal trend increase in the study region,
771
we have first explored waves, then currents. We investigated the wave effect on sea level 772 along the Jason track and found that wave set up has a too small magnitude and is localized 773 too close to the shore to explain the observed continuous SLA trend increase in the last 4-5 774 km to the coast. On the other hand, the correlation reported between altimetry-based SLAs 775 and SWH very likely results from the imperfect ssb correction applied to the data.
776
Nevertheless, if less accurate in the coast vicinity, the ssb trend seems unable to explain the 777 reported SLA trend increase. We next investigated the effect of coastal currents. Using the 778 MARS3D high resolution model developed by IFREMER for coastal studies, we noted the 779 presence of a winter current elongated along the Senetosa coastline. Projection of this current 780 along the Jason track (for January 2014) shows a steep increase in intensity over exactly the 781 same distance to the coast as the SLA trend increase. This may be in indication of a current-782 related origin. More studies are definitely needed to confirm the results presented here.
783
However, if further investigations confirm the effect of currents, it will be a demonstration 784 that small-scale processes acting in the vicinity of the coast may have the capability to make 
